SUMMARY
The gene 46 and 47 functions of phage T4 are required for normal DNA replication, recombination, u.v. repair and host DNA breakdown, and yet am mutants defective in these genes characteristically form tiny plaques on Escherichia coli strains lacking an am suppressor. Our results imply that this limited growth is not due to misreading of am codons or partial function of nearly complete polypeptides terminated at the am mutation. Thus it appears that genes 46 and 47 are not entirely essential, perhaps because other phage or host products can partially compensate for their loss.
When gene 46 and 47 am or ts mutants of phage T 4 are grown under restrictive or partially restrictive conditions, synthesis of phage DNA is arrested prematurely (Epstein et al. 1963; Warner & Hobbs, I967) , host DNA breakdown is incomplete (Wiberg, I966) , recombination is markedly reduced (Bernstein, x968; Berger, Warren & Fry, I969) and the ability to repair u.v. damage is altered (Baldy, I97o) . Genes 46 and 47 have also been shown to regulate, either directly or indirectly, an exonuclease activity which can attack T 4 nicks to create gaps (Prashad & Hosada, I972 ) . Thus the proteins specified by these genes are involved in several fundamental processes during phage development.
Growth of gene 46 and 47 am mutants is greatly reduced on su-Escherichia coli. However, unlike am mutants defective in most essential genes, the gene 46 and 47 am mutants are characteristically able to form tiny plaques when plated at 37 °C on su-E. coli S/6, the standard restrictive plating indicator for phage T4 am mutants. We have tried to determine the basis for this growth in order to advance our understanding of the functions of these genes.
The levels of growth of the am mutants were determined in terms of coefficient of transmission (c.o.t.) as described in Table I . The c.o.t, percentages of am mutants defective in genes 46 and 47 were measured on plates incubated either at 37 °C or 25 °C using three suhosts. The I3 am mutants used had been shown by two-factor crosses to be defective at six different sites in gene 47 ( Fig. 1 ) and five different sites in gene 46 (data not shown). The c.o.t, percentages of the individual am mutants on the three hosts are given in Table 1 . The average c.o.t, for all hosts was 53 ~ at 37 °C. Representative am mutants defective in early function genes [B24 (gene 0, NG83 (gene 3o), A453 (gene 32), B22 (gene 43) and NOI8 (gene 44)] were tested under the same conditions as the gene 46 and 47 am mutants and did not grow significantly on the three su-hosts. These five am mutants gave c.o.t, values that were less than I ~ at 37 °C. The c.o.t, values of the gene 46 and 47 am mutants measured at 25 °C (data not shown) were about the same as at 37 °C.
The first explanation considered for the limited growth was that it is due to misreading of the am codons. The misreading of am mutations has been studied in phage T4 (Karam & O'Donnell, I973) and has been found to be strongly inhibited in infections of str ~ compared to str s E. coli. Misreading of am mutations appears to depend on local context since the levels achieved are site-specific rather than gene-specific. The amount of growth resulting from misreading an am mutation in any gene also seems to depend on whether the gene product is effective in small amounts. Furthermore it was found by Karam & O'Donnell (I973) as well as by Maynard-Smith & Symonds (1973) that if two am mutants are able to grow to a limited extent due to misreading, a double mutant containing both am mutations grows substantially less well.
Our observations with the gene 46 and 47 am mutants (Table I) indicate that the c.o.t. percentages of the gene 46 and 47 am mutants on E. coli S[6 str ~ or KI2 str ~ were comparable to the c.o.t, percentages on E. coli S/6 str s. A gene 43 mutant amE4313 reported to be subject to misreading in su-hosts (Karam & O'Donnell, I973) was used to verify that the particular str ~ mutantstrains used inhibit misreading of am codons. The e.o.p, of amE4313 (gene 43) on E. coli S/6 str s compared to E. coli CR63 was 9 % whereas on E. coli S/6 str R and E. coli KI2 str ~ it was less than o.~ %.
Because am mutants, defective at all ~ I sites tested rather than only at some particular sites, grew with relatively high efficiency on all three su-hosts, it appears that this growth is a gene-specific rather than a site-specific character. A test of a gene 46[gene 47 double mutant was also carried out. Growth of amNI3o (gene 46) and of amA456 (gene 47) on E. coli S[6 str ~ and E. coli KI2 str ~ was similar to the growth of the double mutant amN~3o[ areA456 on the two hosts.
Thus it was found that the limited growth of the gene 46 and 47 am nmtants is not inhibited significantly by a host str ~ mutation, that it is apparently gene-specific, and that it is not substantially reduced in a gene 46, 47 double mutant. The implication of these findings is that the limited growth is not due to misreading. Table I and the e.o.p, percentages were calculated as the titre of a phage suspension measured on an indicator lawn of E. coli S/6 str • and E. coli K I 2 str ~ divided by the titre measured on su + E. coli CR63 strs. As indicated in the standard map of phage T4 (Wood, I973) , the direction of transcription of early function genes has so far always been found to be in a counterclockwise direction. Evidence has also been obtained that genes 46 and 47 are co-transcribed in the counterclockwise direction from gene 47 to 46 (Hercules & Sauerbier, I973) . The recombination data shown here indicate that the orientation of the gene 47 mutant sites with respect to gene 46 is as shown above, thus implying the direction of transcription indicated by the arrow. The crosses used to construct this map were performed on E. coli CR63 su+I. It has been shown that gene 46 and 47 am mutations can cause recombination to be reduced significantly, even in an su+I containing host (Berger et al. I969) . The map is therefore regarded as only approximate.
The gene 47 am mutants define six different sites (Fig. I) . The direction of transcription and thus translation can be inferred as indicated in Fig. I . There is no evident tendency for the mutants defective toward the translational terminal end of the gene to grow more efficiently on the su-str P" hosts than those defective at earlier positions in the gene. With respect to gene 46 the data obtained were insufficient to imply a direction of translation. However, mutants defective at five different sites along the map (not shown here) gave fairly comparable growth on su-str ~ hosts. These results therefore suggest that the growth of am mutants on the su-hosts is not due to the functioning of nearly complete polypeptides.
Another possible explanation for the limited growth of the am mutants is that the loss of the gene 46 and 47 functions can be partially compensated for by other bacterial or phage gene products. This can be tested by infecting su-hosts with gene 46 or 47 am mutants in the presence of phage or host mutations in suspected compensatory genes. Preliminary results indicated that loss of the host rec BC function or the phage rII and endonuclease IV functions (using the rll deletion H23 ; Sadowski & Vetter, I973) still allowed limited growth of the am mutants to occur. Short communications Our results thus suggest that although the gene 46 and 47 functions are required at several key stages of DNA processing they are nevertheless not entirely essential for phage growth. A possible explanation is that phage or host products, other than the ones already ruled out, can partially compensate for the loss of these functions.
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